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Abstract 
 
Humanity has been always concerned about the measurement and evaluation of terrestrial processes as the final 
mechanism for understanding nature and human driven phenomena and environmental systems. We summarize the main 
contributions made by the GeoEnvironmental Research Group (GIGA) of the University of Extremadura to develop and 
apply simple methods that allow assessing soil quality and degradation in Mediterranean agrosilvopastoral systems. The 
achievements of the GIGA research group have been complemented with the research experiences carried out by the Soil 
Erosion and Degradation Research Group (SEDER) in Mediterranean agricultural areas, where orchards and gardens are 
the main subjects of the study. A total number of twenty relevant publications made by the GIGA research group were 
analysed, along with other ten studies led by the SEDER research group. This paper reviews: (i) the pioneering works, 
(ii) the studies carried out at the farm scale in rangelands of SW Spain, (iii) the soil quality/degradation system evaluation 
based on eight indicators proposed by the GIGA group, (iv) research on soil erosion conducted by the SEDER group in 
vineyards, citrus plantations and tobacco orchards and (v) ongoing research about integrated assessment of rangeland 
farms and the definition of indicators and other studies on soil erosion in chestnut tree orchards. Some indicators such as 
soil depth, Ah-horizon thickness, water content at field capacity, cation exchange capacity (CEC), exchangeable 
potassium (K) and soil organic matter (SOM) from 0 to 5 cm depth were the most appropriate to assess soil quality in 
rangelands. The percentage of bare soil and bulk density (BD) from 5 to 10 cm in depth were proposed to assess soil 
degradation processes such as soil erosion risk and soil compaction. Furthermore, rainfall simulations and erosion plots 
showed their effectiveness to measure soil erosion rates at the short-term and ISUM (Improved Stock Unearthing Method) 
at the medium and long-term. Those methods are being used successfully on agriculture and forest land and on 
silvopastoral land uses to assess the soil degradation and soil quality. 
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1. Introduction 
 
The GeoEnvironmental Research Group 
(GIGA) of the University of Extremadura (Cáceres, 
Spain) was established in the 1990s by two professors 
of the Department of Geography (Susanne Schnabel 
and Dionisia Gómez Amelia).  
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Its first research topics were mostly focused on 
the study of both hydrological processes and land 
degradation. The experimental catchments of 
Guadalperalón (1990 – 2000) and Parapuños (2000 – 
Present), belonging to the Spanish Network of 
Experimental Catchments (RESEL), as well as the 
installation of numerous erosion plots served to take 
forward the first works on soil erosion in 
Mediterranean rangelands with dispersed tree cover, 
the so-called dehesas in Spanish and montados in 
Portuguese [1]. 
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Nowadays, the GIGA group is formed by four 
professors (led by S. Schnabel), two PhD students 
and one laboratory technician. Its research covers 
topics such as hydrology, geomorphology, land 
degradation, soil erosion, soil quality, landscape 
dynamics, spatial modelling, geotechnologies and 
land management assessment.  
In particular, the studies are aimed at better 
understanding the relationships between land 
management and natural factors.  
Along thirty years, the GIGA group has 
participated in national and international projects as 
well as in research contracts. So far, more than 100 
high relevance papers have been published, being 40 
out of them in JCR-indexed journals. 
The Soil and Degradation Research Group 
(SEDER) of the University of Valencia (Spain) was 
established in 2002 by the Professor Artemi Cerdà 
(currently leading). SEDER has focused on three 
topics: soil erosion and soil degradation in i) 
agriculture; ii) forest (fire as a key topic); and iii) road 
and railway embankments. All the three research 
topics were investigated from a holistic point of view. 
 Twenty-two research projects (2 EU projects) 
were developed and a total of 50 colleagues 
contributed to the 200 publications developed in the 
last two decades (123 in JCR-indexed journals). 
Visiting scientists from USA, UK, The Netherlands, 
Italy, Portugal, Germany, Turkey, Tunisia, Israel and 
Iran contributed to refresh the staff of the group that 
currently hold three professor, 1 technician, 2 Ph D 
students and 12 visiting scientists. 
Before the creation of the SEDER group, and 
during the early beginnings, there is already evidence 
of collaborations between researchers of both groups. 
Ceballos et al. [2-4] estimated runoff production in 
the dehesas at different scales and under contrasting 
conditions of soil moisture. Cerdà et al. [5-6] carried 
out rainfall simulations under drought conditions, 
being the first ones to detect the occurrence of water-
repellent soil conditions in Mediterranean dehesas 
during summertime. 
The collaboration between members of both 
groups was resumed in 2016 in a study about the 
effects of grazing intensity on soil compaction and 
the reduction of the frequency of grass roots in 
wooded rangelands and grasslands [7].  
This collaboration was further developed with 
studies on soil erosion (soil loss rates, effectiveness 
of methods for reducing soil erosion, etc.) mainly in 
Mediterranean agricultural areas such as vineyards 
[8], citrus plantations [9] and Brazilian tobacco 
orchards [10] where simple tools and methodologies 
such as rainfall simulations, erosion plots and the 
Improved Stock Unearthing Method (ISUM) were 
used. Therefore, this work aims to review the most 
relevant studies of both groups on soil quality and 
land degradation focusing on simple methods of 
estimation. For doing this, the article has been 
divided in five sections, from the starting of the 
GIGA group started with studies on land degradation 
at farm scale till the development of an easy appraisal 
system for farmers to assess soil quality/degradation 
in their farms.  
The effectiveness of the simple methods used 
has also been tested in collaborative works led by the 
SEDER group in agricultural areas and at present the 
GIGA group is leading a research project in which 
the main goal is to build a comprehensive assessment 
tool that allows assessing the quality of a rangeland 
farm from different perspectives: soil, water, 
vegetation, biota, economic efficiency and social 
profitability. 
 
Pioneering works: The MEDAFOR project 
The GIGA is specialized in the study of 
physical variables related to the water-soil-plant 
system in Mediterranean grazing areas whether in the 
form of woody rangelands or treeless grasslands, 
occupying almost 60% of the total land surface of the 
Spanish region of Extremadura (ca. 40,000 km2). Its 
pioneering works were also focused on the 
application of simple methods aimed to gain 
knowledge of complex processes such as soil erosion. 
For instance, Schnabel [11-12] estimated soil erosion 
rates in semi-arid tropical areas of Kenya using 
exposed tree roots as a botanic evidence of soil lost. 
The rationale of this work was the same than the one 
subsequently followed by Brenot et al. [13] (SUM – 
Stock Unearthing Method) and Rubio-Delgado et al. 
[14-15], i.e. to infer the original land surface from 
evidences such as the graft union or the inflection 
point between tree trunk and the roots.  
Therefore, measurements allow knowing if 
soil has been lost or deposited in an area in the past 
years (current surface – original surface = 
erosion/deposition). 
From 1998 to 2001 this group participated as a 
research partner in the tasks of the European Union 
(EU) Project “Consequences for the Mitigation of 
Desertification EU Policies Affecting Forestry 
Activity: A Combined Socio-Economic and Physical 
Environmental Approach” (MEDAFOR).  
The main goal of this project was to develop, 
apply and verify applicable methodologies of the EU 
to investigate the impact on socioeconomy and soil 
properties derived from changes in land use and 
reforestations.  
The geographical framework of the project 
was restricted to several countries in the 
Mediterranean Basin, that are vulnerable to land 
degradation and desertification, where policies 
favouring the forestry sector and the abandonment of 
arable lands were already being applied.  
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As interesting results Shakesby et al. [16] 
discussed about the effectiveness of the 
dehesa/montado agro-forestry practices to reduce soil 
erosion risk. In addition, Shakesby et al. [17] 
proposed a ranking methodology for assessing soil 
erosion risk in this kind of land systems. 
At the same time the EU MEDALUS 
(Mediterranean Desertification and Land Use) 
project developed a methodology based on 
desertification indicators aimed at identifying 
environmentally sensitive areas to desertification 
(ESAs) at the local scale [18]. The ESAs 
methodology uses four categories of indicators that 
can be relatively easy of estimate: soil quality, 
climate, vegetation and land management (as stressor 
indicators). Soil quality indicators are based on the 
use of simple soil parameters such as parent material, 
rock fragments, soil depth, slope gradient, etc., 
although the most challenging is defining properly 
the classes (n=4) that must mark the thresholds of 
each indicator: critical, fragile, potential and non-
threatened areas. Another important set of 
parameters, due to their role as driving forces, are the 
human factors involved in land management, 
summarized in land use, intensity of land use, 
overgrazing, abandonment of terraced land and fire 
risk. In this context, Lavado Contador et al. [19] 
applied this methodology (ESA index) in order to 
identify ESAs to desertification in the Spanish region 
of Extremadura. They compared between 4 (critical, 
fragile, potential and non-threatened) and 8 classes of 
sensitivity (fragile and critical areas are divided into 
3 subclasses: C1, C2, C3, F1, F2 and F3) by using a 
set of 18 parameters (5 out of them on soil quality) 
and the results reliability obtained by comparing ESA 
index values with 2690 sampling points (≈1 point 
each 15 km2) were some degradation-related 
variables were already known. Soil texture, soil 
depth, drainage capacity and parent material were 
obtained from soil and geological maps, respectively, 
and slope gradient from a Digital Elevation Model 
(DEM) of 25 m hypsometric equidistance.  
This work concluded, on one hand, that 99% 
of Extremadura is sensitive to desertification: 67% as 
critical, 29% fragile and 3% as potential areas. On the 
other hand, the study confirmed the necessity of 
working at farm scale where the owners are the main 
decision makers in terms of land management, 
influenced or not by the socio-economic context of 
the moment (e.g. EU subsidies).In the period 
extending from 2001 to 2014 the GIGA successfully 
applied for regional, national and international 
research projects in which soil parameters, among 
other aspects, were studied at farm scale, in a number 
that ranged from 54 to 10 farms. The spatial details 
of the methods were even improved to gather data 
from livestock enclosures, since, in many farms, 
different land management can coexist. In addition, 
PhD theses studying on specific topics were publicly 
discussed: modelling of hydrologic processes [20] 
and gully erosion [21]. The most relevant published 
works and their advances, both in the knowledge of 
land degradation processes and in the simplification 
of methods to assess soil quality/degradation are 
widely explained in the next section. 
1. Working at a farm scale. During the first 
years of the current century, the GIGA was mainly 
involved in four research projects aimed at obtaining 
indicators of soil quality/degradation at farm scale. 
The first one was an EU INTERREG project (in 
collaboration with several Spanish and Portuguese 
partners) entitled “Development of an information 
system for the environmental and economic 
management of the ecosystem dehesa/montado in 
Extremadura and Alentejo” divided in two phases: 
INTERREG SP4.E13 (2003-2005) and SP4.E159/3 
(2006-2007). The GIGA was in charge of the study 
of physical parameters in 54 rangeland farms spread 
throughout Extremadura. Schnabel et al. [22] 
developed a methodology to characterize rangeland 
farms from an environmental point of view, i.e. to 
assess their current state of degradation. This 
methodology is based in the filling up in field of a 
simplified (scoring) factsheet that includes key 
parameters that are easy to interpret visually (Fig. 1). 
This factsheet is divided into two thematic blocks: 
one for assessing evidences of soil erosion (interrill, 
rill and gully erosion) and other soil degradation 
processes. Seven parameters are considered to 
evaluate interrill erosion: exposed roots, splash 
pedestals, splash evidences, small escarps, mounds, 
accumulation in obstacles and surface irregularities. 
Rills and gullies are assessed following a frequency 
scale of four categories: absence, infrequent, 
moderately frequent and frequent. In addition, gullies 
are classified according their type as valley-bottom, 
bank gully and slope gully and considering their 
erosional activity: not active, moderately active and 
very active. The scores given in the field are 
subsequently discussed in group meetings by means 
of the interpretation of the pictures taken in the field. 
Regarding soil degradation there are four key 
parameters visually assessed: rocky outcrops, 
stoniness, soil crusts and animal paths density. The 
first one is divided in 6 classes according to the 
percentage of land surface covered, the second one in 
5 classes and the other two parameters in a frequency 
scale of four categories as it is done with the 
abovementioned erosion parameters. This rationale 
inspired further research about the importance of 
properly quantifying the land surface occupied by 
bare soil (expressed as percentage) by using aerial 
images, transects or photos as a consequence of 
heavy grazing [23-24]. 
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 Figure 1. Factsheet proposed by the GIGA group to assess land degradation in farms (in Spanish). 
 
The second research project led by the GIGA 
focusing on the definition of soil degradation 
indicators at farm scale was the IDEG project “Soil 
degradation indicators in rangelands” (2006-2009) 
funded by the Regional Government of Extremadura 
(PRI06A281). In this project the number of studied 
farms was reduced to 10, and the role of the fenced 
areas in fragmenting land management and 
degradation processes began to be considered [25]. 
The study areas passed therefore from the 54 farms 
of the previous project to 10 farms and 22 enclosures 
selected in them. The rationale of this project was 
comparing the mean values of 22 enclosures that 
were similar in terms of the parent material and soil 
texture, although differing in land management that 
was expressed as a gradient of animal stocking rates 
and different tree densities. Within this framework 
the PhD Thesis entitled “Soil quality indicators in 
rangelands” was started [26]. 
The IDEG project was followed by the 
PADEG project “Comprehensive assessment and 
modeling of land degradation in rangelands and 
grasslands” (CGL2008-0121/BTE)” (2009-2011), 
mainly focused on the development of models that 
allow understanding the effects of current land 
management in space and time. The same research 
line was followed in the AMID research project: 
“Analysis and integral modeling of dehesas: Changes 
in land use and management and repercussions over 
the system sustainability” (CGL2011-23361) (2012-
2014). In this context, Ibáñez et al. [27] developed a 
dynamic model that predicts total soil loss in time 
under the current land management. 
Along the time lapse of the last three projects 
(2006-2014), the GIGA published several articles on 
soil quality and soil degradation indicators and the 
role of factors such as animal stocking rate, annual 
rainfall or tree density influence on the occurrence of 
land degradation processes and depletion of soil 
quality. Pulido et al. [28] confirmed heavy grazing, 
identifiable through the presence of bare soil patches 
at the end of summer, as one of the main causes of 
land degradation in Mediterranean rangelands, 
particularly in the driest years. The findings suggest 
a threshold value of animal stocking rate of 1 AU ha-
1 in regular years and 0.5 AU ha-1 in dry years of 
animal stocking rate that should not be exceeded. 
Furthermore, a regression equation between animal 
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stocking rate and the percentage of bare soil was 
proposed as shows in Fig. 2. The effects of land 
management and vegetation cover in rangelands on 
soil organic matter were analysed [29]. In addition, 
the suitability of different fractions of soil organic 
carbon as potential indicators (active carbon [30], 
light fraction not incorporated yet, humic and fulvic 
acids, and humins [31]) were also assessed. An 
excessive number of animals reduce soil organic 
matter preventing accumulation of litter, even in 
rangelands with relatively high tree densities (ca. 30 
trees ha-1), i.e. avoiding the incorporation into the soil 
of potential organic matter. Regarding the use of 
indicators, this study proposed soil organic carbon 
content from 0 to 5 cm in depth as a suitable 
indicator, since its fractions followed a similar spatial 
and vertical pattern and nutrients mostly concentrate 
in the top 5 cm of soil [32]. 
 
 
 
 
Figure 2. Scatterplot of animal stocking rate against the percentage of bare soil in September 
 
Schnabel et al. [33] confirmed the existence of 
hydrophobicity in rangelands at the end of a dry 
period (summer). On one hand, they observed a 
gradient-like increase of hydrophobicity as a function 
of the type of soil cover: bare soil, mosses, grasses, 
and litter. As a consequence the main cause of 
hydrophobicity in rangelands is the accumulation of 
holm oak litter that surrounds the tree. On the other 
hand, these findings coincide with those found by 
Cerdà et al. [5] 15 years ago by using the Water Drop 
Penetration Time (WDPT) method to measure 
hydrophobicity, i.e. time until three drops of distilled 
water are absorbed by the soil [34].  
In this more recent study, the Molarity of an 
Ethanol Droplet (MED) technique was successfully 
used. It means a significant time saving with respect 
to the WDPT technique since the MED method is 
immediate because it is only necessary put in soil 
three drops with different concentrations in ethanol 
(from distilled water to 36% ethanol) and to await for 
some seconds if soil can absorb or not [35]. 
2. Soil quality/degradation assessment. In 
terms of soil assessment, the most relevant 
achievement of the GIGA group was the 
development of an assessment system in 
Mediterranean rangelands with sandy-loam textured 
soils based on six indicators to evaluate soil quality 
and 2 indicators for soil degradation [36].  
Table 1 shows the 6 indicators finally selected: 
cation exchange capacity (CEC, 0-5 cm depth), 
exchangeable potassium (K, 0-5 cm depth), soil 
organic matter (SOM, 0-5 cm depth), water content 
at field capacity (WFC, 0-5 cm depth), soil depth and 
Ah-horizon thickness as well as the range values of 
the 5 classes of soil quality considered: very low, low, 
moderate, high and very high. 
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The range values of each class were adopted 
according both to relevant works and to our research 
experiences. CEC and K maintain the values of 
classes proposed by Hazelton and Murphy [37], SOM 
values were regionally adapted according to the 
classification proposed by De la Horra Ruiz et al. [38] 
in a nearby territory of our study areas (10 farms, 22 
fenced areas). WFC was measured using a very 
simplified method that consists in the saturation of 
some soil cores for 24 hours and leaving them drain 
for other 48 hours. The limit of these values was 
proposed by Lozano-Parra et al. [39].  
Therefore, a farmer can know the current state 
of his/her soils only digging a hole in which soil 
depth and the Ah-horizon (the most surficial) 
thickness can be measured and bringing to a regular 
laboratory a plastic bag of the soil layer from 0 to 5 
cm in depth. WFC requires the assistance of some 
soil scientists but the method os measurement is quite 
simple. In fact, a meeting with farmers was organized 
in October 2014 in order to give them a simplified 
guide (including many illustrations and tips) to make 
a self-assessment of soil quality and degradation in 
their farms.  
Figure 3 shows the cover of this guidebook (in 
Spanish) that it was well-accepted and appreciated by 
the local farmers. They were asked about their 
opinion during the meeting and many suggestions are 
being now worked in order to incorporate them in 
future versions.  
Table 2 shows the range values to assess soil 
degradation in Mediterranean rangelands. This 
methodology is summarized in only two indicators 
according to the findings by Pulido et al. [28] that 
detected the effects of heavy grazing in the 
occurrence of patches of bare soil surface in summer 
and the increase of bulk density (BD) from 5 to 10 
cm in depth. The limit values of BD were adopted 
from Dexter [40]. 
The percentage of bare soil is a parameter 
relatively easy to estimate. It can be used aerial 
images available on Internet, images taken by a 
drone, pictures taken in field and visual estimations 
in field by means of transect, looking at from a higher 
point, etc. The most representative values are those 
obtained in the month of September. The patches of 
bare soil in springtime, for instance, are 
representative of soil compaction. In case of a dry 
year, these values should be carefully interpreted 
because the lack of rainfall increases considerably the 
regular values of bare soil at the end of the summer. 
Regarding soil compaction the measurements should 
be done by some soil scientists since it is not common 
a regular farmer has soil cores, tools to take out 
samples, etc. 
3. Jumping to the agricultural areas. The 
works led by the SEDER group focused on 
agricultural areas (vineyards, citrus plantations and 
tobacco orchards) and their goal has been usually to 
quantify erosion rates using relatively simple 
methods such as erosion plots, rainfall simulations 
and botanic evidences to determine soil lost in a 
certain period of time (e.g. ISUM). Its main topics 
studied have been, on one hand, the effect of time 
(recent plantations of vineyards and land 
abandonment) on soil erosion, and on the other hand, 
the effectiveness of different strategies to reduce soil 
erosion. In this section the most relevant recent works 
are briefly explained. 
Cerdà et al. [8] by means of rainfall 
simulations quantified the effect of new plantations 
in vineyards on soil erosion. They found losses of soil 
167% higher than in old plantations as well as runoff 
rates 67% higher.  
This work puts in question the environmental 
effects of some decisions regarding land management 
as a consequence of the current socio-economic 
context. Many farmers are removing their old vines 
in order to be replaced by new vines within a 
rationale framework of super intensive crops. 
Another contextual problem of the 
Mediterranean agriculture is land abandonment due 
to the lack of economic profitability of many farms 
and changes in the habits of people that prefer living 
in the cities instead of rural areas. Cerdà et al. [41] 
showed values of two paired plots (abandoned vs. 
control) in an experiment of 11 years (2006-2017) 
(Fig. 4).  
 
Table 1. Classes (ranges) of soil quality indicators and assigned scores. The comprehensive value of soil quality 
(index) is obtained from the average value of the scores of the 6 indicators 
 
Indicator Unit Very low Low Moderate High Very high 
CEC cmol kg-1 <6.00 6.00-12.00 12.01-25.00 25.01-40.00 >40.00 
K cmol kg-1 <0.20 0.20-0.30 0.31-0.70 0.71-2.00 >2.00 
SOM g kg-1 <10.00 10.00-17.50 17.51-20.00 20.01-27.50 >27.50 
WFC % <15.00 15.00-20.00 20.01-30.00 30.01-35.00 >35.00 
Soil depth cm <10.00 10.00-20.00 20.01-30.00 30.01-40.00 >40.00 
Ah thickness cm 0.00 0.01-5.00 5.01-10.00 10.01-15.00 >15.00 
 Score 1 2 3 4 5 
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Table 2. Classes (ranges) of soil degradation indicators and assigned scores. The comprehensive value of soil 
degradation (index) is obtained from the average value of the scores of the 2 indicators. 
Indicator Unit Very low Low Moderate High Very high 
Bare soil % 0.00-20.00 20.01-40.00 40.01-60.00 60.01-80.00 >80.00 
BD 5-10 cm g cm-3 <1.40 1.40-1.45 1.46-1.50 1.51-1.60 >1.60 
 Score 1 2 3 4 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Cover of the guidebook delivered to local farmers in the meeting of October 2014. 
 
The results showed how the abandoned plot 
increased considerably its runoff (2.1 times higher) 
and sediment concentration (1.2 times higher) in the 
first two years as a consequence of the lack of 
vegetation and tillage. Therefore, they concluded that 
there exists the need of applying nature-based soil 
and water conservation strategies in order to avoid 
soil erosion in the first two years following land 
abandonment of agricultural areas.Regarding 
strategies to reduce soil erosion, the SEDER group 
has tested the effectiveness of some of them. Cerdà 
et al. [42] proved the convenience of using chipped 
pruned branches (CPB) as mulch in citrus 
plantations.  
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Figure 4. Rainfall simulation carried out in the control plot. 
 
CPB is a viable option since they represent in 
situ organic matter that can be easily incorporated 
into the soil and its price ranges between 102 and 253 
EUR ha-1, depending on the size of the farm. CPB 
increased SOM from 13.0 g kg-1 to 29.0 g kg-1 in 10 
years and reduced considerably the hydrological 
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impact of rainfall on soil erosion. Nevertheless, in 
spite of these benefits farmers do not accept or they 
are not interested in the use of CPB in their farms 
(results obtained from 100 interviews). 
Keesstra et al. [9] assessed the effectiveness of 
straw mulch to decrease runoff and erosion in citrus 
plantations in comparison to the conventional land 
use in recent times based on drip irrigation methods 
and the widespread use of glyphosate (herbicide). 
 The results showed a cover of straw mulch of 
50% can increase the time to ponding from 32 to 52 
s and the time of runoff initiation from 57 to 129 s as 
well as decrease both the concentration of sediments 
and the soil erosion rates from 16.7 g l-1 to3.6 g l-1 
from 439 g to 73 g, respectively.Novara et al. [43] 
evidenced the effectiveness of organic farming 
(cover crops) in Mediterranean citrus plantations as a 
sustainable alternative, particularly retaining soil 
organic carbon and consequently reducing the release 
of atmospheric greenhouse gases. After 21 years of 
organic farming a total amount of 61 Mg CO2 ha
-1 has 
been sequestered by the soil. The first 5 years after 
the land management change was the period when 
soil organic carbon retention increased the most. 
 
 
Further research 
At this moment both groups GIGA and 
SEDER keep working in the same topics previously 
described.  
The GIGA group is now involved in a new 
project entitled “Development of a spatially 
distributed comprehensive evaluation system for 
extensive livestock farms-IB16052”, funded by the 
Regional Government of Extremadura and the 
European Fund of Regional Development (2017-
2020).  
The main goal of this project is to develop a 
comprehensive tool, inspired in the FAO SAFA tool 
[44] that allows assessing the quality of a farm from 
different points of view: soil, water, vegetation, biota, 
economic efficiency and social profitability. 
This project involves five farms with different 
land management strategies: conventional 
rangelands, conventional grassland, ecological-
labeled meat production, holistic management and 
permaculture in order to test the positive and negative 
effects of each type of land management. 
By the moment, a total number of 28 soil 
profiles have been described, a dataset composed of 
84 soil samples and 216 bulk density rings are now 
ready to be statistically analysed.  
In addition, by using these datasets the PhD 
student Jesús Barrena González is now doing his PhD 
Thesis entitled “Spatial variability of soil properties 
at different scales”. A pluviometer has been installed 
in each farm and climatic data of nearby 
meteorological stations have been gathered.  
An intense study focusing on watering ponds 
for livestock has been initiated by the PhD student 
Ubaldo Marín Comitre. 
Pasture production, composition and 
nutritional value are being studied by different 
means: exclusion cages, field spectroradiometer and 
images taken by a drone.  
The objective of this task is to find significant 
and reliable relationships between different 
techniques so that farmer can estimate, for instance, 
pasture production by flying a dron.  
More than 75 interviews have been made with 
owners and workers of rangeland farms and a couple 
of Bioblitz are now being organised in order to obtain 
reliable information on socio-economic aspects and 
biodiversity.  
Bioblitz are fieldwork days conducted by 
experts on biodiversity that voluntarily list all the 
animal and vegetal species they found in a farm. The 
expenses of this activity are afforded by the project. 
In agricultural areas, two collaborative works 
are now being conducted.  
On one hand, the ISUM (method based on the 
botanic evidence of the graft union of the vines) has 
been tested in vineyards from Tierra de Barros 
(Extremadura) for the first time in order to assess soil 
erosion rates for the last 20 years when the vines were 
planted [45].  
On the other hand, soil erosion rates as a 
consequence of sheet erosion is being measured in a 
traditional chestnut orchard by means of 18 erosion 
plots of 2 m2 in size in which runoff and sediment 
concentration are analysed after any significant 
rainfall event since September 2018. 
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